Introduction: More than one third of Iranian adult women have the metabolic syndrome. We conducted this study to assess the effect of parity on the prevalence of metabolic syndrome in analyses controlling for sociodemographic and reproductive variables as well as behavioral risk factors. Methods: We evaluated the relationship between number of children and metabolic syndrome in 6331 adult nonpregnant women >20 years of age. The data source for this study was Isfahan Healthy Heart Program (IHHP). Metabolic syndrome was defi ned according to Adult Treatment Panel III (ATP III). Results: Overall, 34.2% of women met the criteria for metabolic syndrome. The number of children borne in women with metabolic syndrome was signifi cantly higher than others (5.2 ± 3.1 vs. 3.5 ± 2.6; P < 0.0001). In logistic regression analyses, the odds of metabolic syndrome increased 24% (95% confi dence interval [CI], 22-26%) with each additional child, but after adjustment for sociodemographic, reproductive, and behavioral characteristics, the odds of metabolic syndrome was attenuated (odds ratio [OR], 1.03; 95% CI, 1.00-1.06). Further adjustment for body mass index (BMI) yielded similar results (OR, 1.02; 95% CI, 0.98-1.05). Conclusion: A combination of lifestyle risk factors and/or biological changes associated with childbearing may explain the positive association between parity and increased risk of metabolic syndrome.
Introduction
M ore than one third of Iranian adult women have the metabolic syndrome. 1, 2 This represents an emerging public health problem, as shown by trends in cardiovascular mortality in Iran. 3 Understanding the role of reproductive history in the development of metabolic syndrome will help to alleviate metabolic syndrome-associated morbidity and mortality.
The role of multiparity in the development and pathogenesis of diabetes mellitus, obesity, and dislipidemia is controversial. [4] [5] [6] [7] [8] [9] These confl icting results may arise from unadjusted effects for age and socioeconomic status that infl uence childbearing patterns as well as disease risk. To our knowledge, no prior study in Eastern countries has evaluated the relationship between childbearing and metabolic syndrome as a combination of predefi ned cardiovascular risk factors. Considering the effect of genetic and lifestyle factors on the metabolic syndrome, we conducted this study to assess the effect of parity on the prevalence of metabolic syndrome in analyses controlling for sociodemographic, reproductive, and behavioral characteristics.
Materials and Methods
The data source for this study was the Isfahan Healthy Heart Program (IHHP), which was developed as a community-based interventional program with ongoing evaluation in three cities in Iran between 2001 and 2005. This study aimed to reduce the modifi able cardiovascular risk factors in the general population through 10 distinct interventional projects targeting diet, physical activity, and smoking status. The details of study protocol have been described earlier. 10 In a two-stage sampling method, census blocks were randomly selected from each county and divided into clusters, each having approximately 1000 households. Then, 5-10 households within these clusters were randomly selected for enumeration. After enumeration, a total of 6331 adult nonpregnant women >20 years of age were randomly selected populations, the analyses have been provided in models stratifi ed by residence. Statistical analysis was performed using Statistical Package for Social Sciences software version 10.0 (SPSS Inc., Chicago, IL).
Results
Among 6326 participants, 34.2% of women met the criteria for metabolic syndrome. Rates for the individual components of metabolic syndrome are shown in Table 1 . The number of live births per woman ranged from 0 to 14, with a weighted mean of 4.1 live births. As shown in Table 1 , the number of childbearing in women with metabolic syndrome was signifi cantly higher than those without metabolic syndrome (5.2 ± 3.1 vs. 3.5 ± 2.6, P < 0.0001). The prevalence of metabolic syndrome in nulliparous women, mothers with 1-4, and >4 children was 15.2%, 26.2%, and 49.6%, respectively.
Participants with metabolic syndrome were signifi cantly older with lower educational level, lower degrees of family income, and lower rate of employment. Residency in urban areas was associated with the development of metabolic syndrome. Expectedly, behavioral risk factors, including smoking and inactivity as well as BMI, were also associated with the development of metabolic syndrome. In terms of reproductive variables, current use of OCP, the duration of OCP administration, history of abortion, and lower age at fi rst live birth were positively associated with the development of metabolic syndrome. Current use of postmenopausal hormonal therapy was not different in clients with and without metabolic syndrome (Table 1) .
In logistic regression analyses, the odds of metabolic syndrome increased 24% (95% CI, 22-26%) with each additional child, but after adjustment for sociodemographic, reproductive, and behavioral characteristics (model B), the odds of metabolic syndrome were attenuated (OR, 1.03; 95% CI, 1.00-1.06). Because BMI is signifi cantly associated with the components of metabolic syndrome, especially waist circumference, to prevent multi-co-linearity, its effect on the OR of parity was examined in a separate model including all above-mentioned covariates (model C). Further adjustment for BMI yielded similar results (OR, 1.02; 95% CI, 0.98-1.05).
Number of children was a signifi cant predictor of increased waist circumference, impaired fasting glucose, high blood pressure, and triglyceride level (model A), but adjustment for the covariates (models B and C) attenuated the predictive value of parity for the development of each component of metabolic syndrome (Table 2) .
Because the prevalence of metabolic syndrome was different between urban and rural populations, we performed the analyses in models stratifi ed by residence (Table 3) . After adjustment for multiple covariates, parity was not a significant predictor of metabolic syndrome either in rural or in urban population. Age, low educational level, low family income, and current use of oral contraceptive were significantly associated with an increased risk of metabolic syndrome. However, the OR of low income, physical inactivity, and OCP administration for the development of metabolic syndrome were signifi cant only in urban population.
Discussion
The key fi nding in this study is the association between the increasing number of children and risk of metabolic for the survey. Those with known metabolic or thyroid disease and breast-feeding mothers were not included. Written informed consent was obtained from all participants before inclusion.
Parity was defi ned as the number of live births reported. Current use of oral contraceptive pills (OCP) was defi ned based on reported use of "birth control pills for any reason." Current use of postmenopausal hormone therapy (HT) was defi ned based on reported use of oral or transdermal female hormones. The duration of OCP administration and history of abortion were also recorded.
Data for reported mean family income were collected and analyzed in quartiles. Physical activity was evaluated using the Baecke Questionnaire of habitual physical activity. 11 Current employment was defi ned as having or working at a job or business for at least 4 months during the last year including the last month. Smoking status was determined through the self-administered questionnaire according to World Health Organization (WHO) guidelines 12 and categorized as current, past, or never. 13 Fasting levels of plasma glucose and HDL were assessed with the enzymatic-colorimetric method (ParsAzmoun, Tehran, Iran). All laboratory measurements were performed in the laboratory of Isfahan Cardiovascular Research Center with adherence to external quality control. Seated SBP and DBP were measured on the right arm after 5 minutes of rest. The average of two measurements was used for analysis. Waist circumference was measured at the midpoint between the lowest rib and the iliac crest. Participants with three or more of these fi ve possible components were considered to have metabolic syndrome. , or >35 kg/m 2 for further analysis. Number of children, sociodemographic, and reproductive and behavioral characteristics of participants were compared between those with and without metabolic syndrome using a two-sample independent t-test or chi-squared test, as appropriate. P values <0.05 were considered to be signifi cant.
Components of the metabolic syndrome

Statistical analysis
The relationship between metabolic syndrome and parity was assessed by logistic regression analysis adjusted for sociodemographic, reproductive, and behavioral covariates. Further adjustment for BMI was performed in a separate model. The relationship of metabolic syndrome with those variables that were signifi cantly associated with metabolic syndrome in univariate analyses was assessed in additional logistic regression models. Because the prevalence of metabolic syndrome was different between urban and rural cardiovascular risk in nulliparous women is the role of insulin resistance and β-cell dysfunction in conditions with hormonal imbalances, such as the presence of polycystic ovary syndrome. 5, 16, 17 However, in our study, the lowest prevalence of metabolic syndrome was observed in nulliparous women, which is in line with the recent large-scale study of Cohen and his colleagues. 18 In earlier studies, grand multiparity (5 or more births) was associated with increased risk for cardiovascular diseases. 14, 15 The cumulative adverse effects of parity on metabolic syndrome among women. The attenuation of risk after adjustment for multiple variables suggests that a combination of lifestyle risk factors and/or biological changes associated with childbearing may mediate the effects of parity on the development of metabolic syndrome.
Some prior studies have suggested a J-shaped association between number of children and coronary heart disease risk, especially diabetes mellitus, with an increased risk among nulliparous women and those with more than 4 children. 14, 15 A potential explanation for the proposed increased risk of However, in favor of the "lifestyle consequences" assumption, some prior studies have shown that with an increasing number of children the cardiovascular risk increases similarly in both sexes. 14, 31 The issue needs further investigation in large-scale controlled studies.
In the study of Cohen and colleagues, 18 which is the only published survey with comparable objectives, after adjustment for BMI, the odds of parity for the risk of metabolic syndrome decreased considerably, suggesting the important mediating role of weight gain in the effects of parity on the development of metabolic syndrome. In our study, signifi cant ORs of the components of the metabolic syndrome have been attenuated after adjustment for sociodemographic, reproductive, and behavioral characteristics of women, and further adjustment for BMI did not make a considerable variation. These fi ndings may reasonably explain the association between parity and metabolic syndrome with the mediating role of sociodemographic, reproductive, and behavioral characteristics of women. We believe that disorders may be explained in part by physiologic changes during normal pregnancy such as hormonal alterations secondary to fewer ovulatory cycles, 19 insulin resistance, 20, 21 and increased glucocorticoid activity. 22 These physiologic changes may infl uence several features of metabolic syndrome, including diabetes mellitus, 21 dyslipidemia, 8, 21 and obesity 6, 7, 22 that could result in increased cardiovascular risk. Moreover, lifestyle changes such as smoking cessation, which frequently occurs once women learn of their pregnancy, 23 more sedentary life style, [24] [25] [26] and socioeconomic factors 26, 27 result in weight gain during pregnancy, which is unlikely to be lost after childbearing. 9 The potential mechanisms for the observed association between number of children and risk of metabolic syndrome include a complex combination of biological and lifestyle consequences of pregnancy that may not be truly differentiated. Because of reduced exposure to estrogen and relative insulin resistance during pregnancy, most investigators have focused on biological pathways for this association. [28] [29] [30] the observed role of weight or weight changes during pregnancy may be explained well enough by other covariates.
In support of previous studies, 15, 18 our fi ndings in separate logistic regression analyses demonstrate that age, low educational level, and low family income are signifi cantly associated with an increased risk for the components metabolic syndrome. Current use of OCP especially in urban populations was also a potent predictor of metabolic syndrome (OR, 1.32; 95% CI, 1.15-1.51), which is in contrast with the data of Cohen and colleagues, 18 who found the use of OCP protective against the development of metabolic syndrome (OR, 0.30; 95% CI, 0.4-0.64). Potential mechanism for the adverse effects of OCP may be the association of its use with higher low-density lipoprotein cholesterol (LDL-C) 32 and lower HDL-C 33 levels. Other behavioral characteristics, including physical activity and smoking, were also associated with the development of metabolic syndrome, which is in line with most previous surveys. [34] [35] [36] Although the prevalence of metabolic syndrome was different between urban and rural populations, the stratifi ed analyses show that habitation is not a signifi cant mediator of the relationship between childbearing and metabolic syndrome risk.
Study limitations
This study includes a large representative sample of Iranian adult women; however, the cross-sectional nature of the study limits the identifi cation of a causality effect rather than a simple accompaniment of evaluated factors. One limitation of this study is that we did not evaluate the lactation history in our clients, which has been reported to attenuate the development of metabolic syndrome. 18 Other factors to be included in future studies might be the history of gestational diabetes, infertility due to hormonal disorders, such as polycystic ovary syndrome, and age of children.
In conclusion, this study demonstrates the association between the increasing number of children borne and the risk of metabolic syndrome among women, with the mediating role of a combination of pregnancy-related behavioral risk factors and/or biological changes. Conducting further studies to better identify the independent behavioral and biological predictors of metabolic syndrome would help in directing the public health policy toward establishment of effective risk reduction strategies.
